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LABOQRATIRY STUNISY OF GRAVITY WAVE3
GTITRATSD BY TG SOVESEHT OF A SUBLERGED BODY

by
R. L. Asgsl

Abatract

In ordsr to gain some insight Into the phencmenon of gravity waves
ronerated by underwatsr selsmic disﬁuhanoea, the Tsunsmi, & lacoratory study
was made of the waves resulting from sn idealized two dimeusional model of the
movement of & submerged body. Bodiss of several shapes, sizes and weights
ware allowed to‘dfop vertioally or ta slide down inclines of ssveral angles, in
n{;ar“ of various doptha; from several heights above the bottoan, but alwayws ¥slow
ths water surface. Ths surlace tims histories were redor®d at & point olose
to the origin of the disturbance, ami at & point or po? distance from
the origin., In sdditiony motion pistures were taken cf several of ths tests.
It was found that a orest always formed first, followad by a trough from one to
thrae timos the amplitude of the first orest (depending primarily upon the slops
of tla insline), followed by & crast with about the same amplitude as the trough.
Dus to the dispersive qualities of the waves, additional orests and troughs con-
tinued to fam with increasing distsnce from the origin. The rzgnitude of the am-
plituds: depended primarily upon ths submerged weight of the body, but also upon the

depth of submargence, the water depth and other characteristiocs of the gensration.

Within the iimitz of oxperimental eonditions, it was found that the time intervals

botween t{he first and seocond orests romainsd constsnt regardless of the watsr

depth, the distance of fall, the weaight of the body or the time of the fall. It

was, howaver, found to be related to the longih of tha body, Wik the periad

increasing with inoreasing lsngth, and to the 2lope of the inocline, with the

smaller the inolins the greater the period.




2.

Introdustion
The Taxmmk which oaused so much damage to the Hawaiian Iaslands and to

many locations misng the Pacifio Coant of North Amerios on 1 April 1948 was

O caused ty s mowement: of the .Loa bottom on the northern slope of the Alsutisn
Trough, south of Unimak Island, Alasks (SHSPARD, P,P., laoDONALD, G.A., and
C0X, InCe ~ 1959« The severity of the demage created oonsiderable interest
in the general phencmenon. A review of the literature indicated that many studies
had bsen mads of saxtein of the characteristios of sotual Trzungmis, snd that
thoorstiosl stwiies hsd boen made of the Cauchy-Poizson wave phanomenom (see:
UNKI, 8., and BAKAXO, M ., 1953, for exsmple), but that no laboratory studies
had bDeen nmade of The relationship beiween, say, an underwater landslide and the
resuliing grevity mter waves.

o A asriss of exporimeniz we: undertaksn in 1948 by SADER, F.M. and WIBGEL,

b R.L. {1948) to stady the onsrasteristios of the waves gensrated by a sutmerged
body sliding dowm & 13l slops in a channel three feet dsap by ons foot wids
by sixty feet lomg. BEzploratory work, just prior to the first series of tests,
consistsd of plling coarse gravel as steeply az possible on top of a piece of
shest metal st ane end of the channsl, then pulling the sheet from under the pils

10 destroy its eguilibrivm snd cause & 3lide. However, a true slide did not re-

sult, but rathee & slump ooourred in the center of the pile. The next attempt
oconsisted of pianing a vertical gste in the channel, piling sand behind it, then
pulling the gate vertically out of the water; however, the removel of the mte
gonsrated wmves of the same order :f magnitude as those produced dy the nlun;;in;
sund. As @ pesclt of these tasts it waa deoided to use & box sliding down an
inoline &s u. el undsrwaves 1landsidds,

Reooxtly thess tests have boen axtended 0 inciude 2 study of a subw

rargsd body falifng vertioaily through water of several depthe and from ceveral
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initisl elevations for evch dspith, with the effeov of weight and body movement
itncluded. In addition, & sories of experiments was vsrformed to study the sffsct
of diffsrent slopes dowa which the body slid.

Experimental Procsdurs.

Most of the experimental work was performed in & glsas-wallsd wave channel
three feet deep by one foot sids by sixty fest long in the Fluid Mechanios Iab-
oratory of the University of falifornia, Barkeley (sse Figure 1a},

Tho f£irst set of « -periments (Series I) consisted of generatingz waves
by allowing & submerged wood:r Lox to-s.ide freely down an inoline with a 11
slope (Figure 1b). The box was triangular in cross seotion (12" x 12%) und ex-
tended across the width of the channsl. 3ix diffarent weizhts at each of thres
initial elsvations were \nvestigated (Table IXI). Tvo Stsveas Jave Rgcorders
were used to record the waves. Previous Sesta with these recordsrs indicated
that under laboratory oonditions these recorders would dutermins wave height with
& probtable error of plus or minus 12 paroent (FOTIAY, Jeh.. and ARTIUR, R.S.
1948). One was located 8 faet (Station A),and the second 25} faet (Station B)
from the interseotion of the water surface and the inolived board down which the
bax glid. The far end of the ohannel was equipped with an inolined beach to
ninimize refleootion; even so, some reflection ococurred and ns'apparont after
the second wave orest. The water dopth was maintained at 2.5 feet,

A seoond set of sxperiments (Series IX)consistsd of four pertss
1. A submerged ractangular box 0.8 foot deep by 0.6 foot long, extending the
width— of the channsl, was allowed to fall freely in a woartiocal direotion in
water of several depths (1.50 foet, L.52 feet, and 2.86 fset) and from twe ov m=rs
submargences for sach water dspti. 3Seven different box weights {from 1-3/8 to
28 pounds, net, sutmerged) at eack depth end submergence were ussd. Two parsl-

lel wire resistance elements wery used to momsurs the wmavwvss. The first

B et il AN




. (Station 1) was looated at & distance of 1.09 fset and the second (statim 2. I
4.82 feet from the leading edge of the submerged body. A sloping bseoh was Jo- ’
oated at one end of the chamnel to absorb the waves, btut the waves were rallastesd !
fror the opposite end. However, the reflscted waves srrived aftsr the imitiml
disturvancse had oompletsly passad the recording slsments, and thus wars of mo
consequence, Ths conditions are show. in Flgure lo and are prezaated in Jadis X.
2.. A gorisvs of sulmerged reotangular boxes 0.8 foct desp by 1.0 foot, 2.0 fyet,
and 3.0 feet in length, extending ‘he i;:ith of the channel, were allowed &o il
freesly in a vertioal direction in water about one and a half fset doep (sew
Pigure 8). The initial position of the box in a1l oasres wae such that the tuz was
barsly under the water surface, that is, at zers sulmergence. The petweigdi of
the sulmergesd box varied from 30-1/4 pounds for the 5.0 fius box S0 $2-1/4 powmds

for the 1.0 foot box. Two parallsl wire raslstance sliements wsre used, mm Zoouted

n-a in Care 1.
3. Tke box used in Case 1, fitted with two small, 1ightweight, mwtal rumwes on
Jhe bottom, was allowed to slide down an inolined metal pluie with aslopes rssxing

from vertiocal to 132.4 (22.7°%), see Table II. It was found thst a slope of 24.2
dsgrees wag tho flattset that the box would slids down in a naiform menner. The

nst sutmerged welght of the box was 20} pounds and the watsr depti. mses butawem
1.43 foet and 1.48 fest. Ths highost polnt of the box st its initial podition was

at sero sulmergence. Two parallel wice resistancs elemsnts were uszed, ssé Zossted

az in Caze 1 and Case 2 (Figuwre la).

4. A lead plate 3/18 inch thiok by 6 inckes long, oxtending the width of tiw

ohennel was allowed to drop inr water 0.14 fout, 0.24 fool and 0.38 foot desp

d0d from two or more depths of sutmergsnce fei- eech condition (ks INj. 2w

net cutmerged weight of the lesd plate waz 5% pounds. Weve wescuressais ners mads

by & series of fowr parallel wire resistance elemernis located at 1.02 foot “
(Station 1), 10,98 feet (Station 2), 23.82 fact (Statiocn 3) and 38.49 feet {Fx~ t
tion 4) from the ocsnter of the submarged body (Pigure lo). Thems tests: wore ‘
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6.
performed in & wavs channel zimilar to the one used in the ofher tests.
. Provious tests with the parallel wire resistance elsmmits indicated that
under laboratory oconditions these reocorders sculd determine meve height with a
probable error of plus or minus 5 percent (MORISON, R.J. 1948).

In a1l onses the box was held in place by s cord and sfter the surface of

the water had guieted ths cord was out, allowing the body to fall, or slide freely.
A sloping besch-was lcoated at ons snd of the ohannel whiok effectively absorbed
the waves. However, wavee ware reflaoted from the opposits end of the channsl in the
testa involving the vertically falling body. The reflected sxves arrived after the
initisl disturbence had campletely paused the recording slewmats and so presented
no problem; in faot, it gave an opportunity to illustrate <he dispersive quelities
of the phenomenons

Results and Discuasion.

Vertiocally Frlling Body of Conatant 8izes The simplest case studied was

that of & box falling freely in a vertical direction. The wrisbles were water
depth, initial depth of ~ulmergence, and the weight, in maime, of the box. Ths
results are presented in Table I.

In Figure 2 ay9 shom sxsmples of the surface tims kistories of the waves
generated under oconditions of constant water depth (1.50 feef and zero submer-
gence (the top of the box. barely under the water surfamce), but with verying

woights of boxese. It can be seen that the initial disitrbemce was a orest, fol-

" lowed bty a trough and then another crest. This was elso tres for all the exper=

imente which were conduoted. By the “ime ths disturbanos remched Station 2

(4.82 feot from the leading edge of the body) several wavss dad formed due to
dispersion. 1In Pigure 3 ars shown examples of the surfaos tine histories of

the waves generateds (1) in. water of ounstant depth, but wkth the initial subware

gence depth of the body varying, and (2) with sero initial sulmergenos, tut with

.varying water depthie
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The mnst intsresting sharacteristic of the waves is their consistont
"poriod" (sce Table I). At Station 1 the fiwe interval between no disturbance
and the firet orest varied between 0.2 sl 0,37 seconds, with the svrerage
being 0,23 seconds. The time interval bstwwen tho first anc svcond crest
varied bstween 0.45 and 1.0 sesconds, with the aserage being 0.77 seconds. AL
Station 2 the time inZerval beatween no disturbence and the first orest warisd
betwsen 0.4 and 0.75 with the averags being 0.67 seconds, and the time interwval
between the first and sscond crests varied between 1,1 and 1.25 saconds, with
ths average being 1.13 seoonds. Within the Iimits of uccurscy of ths measurements
and within the range of experimenital conditioms, it appears that ths pearilod of
the waves in indspendent of the water depth, the initial depth of sulmergence of
the bedy and the wsight of the body.

In Pigure 4 sre presentsd ths relatiommshipr anong body woight, watsr depth,
submergence, and wave saplitude. It dan be seen that the greatsr the body weight,
the higher the wave amplitude £ the same waluss of depth and of sulmerguuse.

The offeot of depth of sulmergonos is fust am apparent, with the greater the sub-
mergence the lower the wave amplitude, for ike aame wvalues of body weight and
wator depth. However the rolationship betweem water depth and wave maplitude is
not entirely consistent. The effeots of warying body weightz and varying deptbs
of sulmergence were large effects, wheress the effsot of watsr depih was rola-
tively small, within the range of experimsetal conditions. In addition, the sur~
face of the water usually broke shove the body as it atarted to fall from its po-
sition of initikl zerc sulmergence, whersms the water suwrface did not bresk for
the 0,60 foot mhnrgam;o. The amplitudes of ths waves which reformed thus were
conditions. By the time the waves hed reasched Station 2 the effeot of bresking
had neerly diseppoared. It can be seean thag $3> «mplitule of the waweos decrenssd
with docreasiag water depih for given valnee of initial cutmwrgence and hody weight.

= e v T Sy it s Tk il Ry« M52 Vi N




7.

In Figurs 5 are poysmnted the y'alationships between amplitudes of the
first orests and troughz sod the second orests, at Stations 1 and 2. In addition,
the correlation of t&e swpiffude of the firat trough at Btation 1 with the ampli-
tude of the first trough a& Station 2 is shomn. With the oxoeption of the rela~
tionr aip betwesn the ssplitnde of the first orest and thc first trough at Station 1,
thers was apparently oo effect of initial depth of :\;t:nergenoo, aad iR no oase was
thare an apparent effeet af water depth or body weighte

In addition to thes mdm body of tssts, two aéditioml Tuns wers mads. One
was to detsrmine ths scefmes tims history over the center of the €aliing body.
It was found that =t ks point & trough ocowred first, followed by & orsst of
approximataly the sems sapliitude. Following the orsst, the surface prapldly resused
its still-water posiiion. Ihis tended to confirm the expectations that the dis-
turbance, as measmred s shert diztanse from the sourve, was caused by the bottom
of the body pushing wsker sat, and the water having to move in over the box as it
falls. The ~socond teet wee peds with onds mounted on the body 8o that when the
body rested on ihe beétns ths enda extsnded up through the water surface. In this
case en sntirely diZPwomnt: type of wave wks generatsd, which ;onsiatad of & single
orsst followsd by a simgle trough. This wave travseled as an entity down the chan~
nel and did not disperess into several waves as wus the case of the main body of -

tests.,

Vertically Palliae Ssdiss—of Diffsrent. Langthsy In Figure 6a are shown the

surface time historise af tiry waves passing Station 1 for hody lengths of 0.8, 1.0,
2.0 and 3.0 feet. Tuw zuic submsrged body weight, the water depth, and the initisl
depth of submergence weewm spproxizately the sams for all lengtha. In Figure 6b
are shown the relatiomaikise between body length and ®period” between no disturtence
and the first orest, sad Getween the firat snd ssaond orests, for Stations 1 and 2.
Within the range of mgeeizsntal conditions, the inlitial period changed but
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slightly with inoreasing body length, while ths period messured betwesen the
first w0 orests inoressed considerably with inoressing body length.

It is intereating to nots tha’ if the curve for T, in Figurs 6 iz extra-
polated €0 & far ~reater degrse than is prudent, one seea that a disturbance
a fer touzand feot in lsngth would produced waves with an initial period of the

order of from ten to fifteen minctes.

Body 81iding Down Inelines: In Figure 7Te are shown exsmples of ths surface

tixwe historiss of the waves pessing Station L which were generated by a body 3liding
down inolines with slopes from 24.2 to 90 degrees. In all cases the Lody size and
woight, tho weter depth, and the initdsl depth of sulmergence were kspt constant.
The datm o amplitude and pariod are shown in Figurs 7b (ses also Table II). It
oan b sosn that the period is related to incline slope, with the smaller the

slope the greater the period. The period between no di_._nturbcaco and the first

arset Iz not nsarly as sensitive to slope as the p zoon the tirst two

crests. The amplitudes of the initial orests and troughs sre smsllest for the
flatisst slopes, incrsasing rapidly with inocrsasing slops for the flatter slopes
und beeouming asymptotic to some maximm value as the slope approsches the ver-
tioal, £1lx0 shown are the relationships between the ratio of the amplitude of

the ixitisl trough to the initial oreat and the inciine slope for Statiopa ) and 2,
Aldhongh there ia oonsiderable scatter, i{ is ovident that tte ratio of the aup-
1itndes of the initial troughs to the lnitial crestz incremses with inoreasing
stespaess of the inolins.

Im Figure 8 are presentad scme duta frou the sarlier aeries of tesztx,,
Saries I (xee Table III), on the offeot of initial depth of sulmergence and ret
body weight on weves genersted by the body sliding dowa sn inoling of 485 degrees
in water 2.5 feet deep. Tho reletionships betwsen swplitudes of initial troughs,

orests arnd second orests are more oomplex than was the case for the vertiocally
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£2iling bodye. Tais is undsrstandadble, conzidering the relationship btetacen s~
plitudes &c 8istions 1 and 2 for the vertioslly £slling bodies, 1.6., tie effeok,
due to disperszion, of travel distsnce. In these earliisr tests, the wave resor—
dexra wore mounited at fixed distanoss frox the intersection of the still-water
14uo and the inolins. Honoce, for the different initial depths of submerganece, the
distance~ changsd (as msasured from the edgs of the body at the siart of the siids
to the wave resocorders at Station A and B),

In Filgure 9 are presented the corrsiations betwsen the ampiitudes of initiad
troughs and the initial and sscond crests, as well as the correlation betwsen
emplitudes of ths initial troughs at Statiocns A and B.

The periods (Table III) were not az consistent 23 those of ths vertically
falling body; however, a plot on statiatical paper showsd the scatter sbout the
mean values to be dus to normal errocr.

Ths limiting case of a body sliding down an inoline might be that of &
hydrofoil moving with constant velosity. Studisa of this problem by LAITUEE
(1954) have shown that & single wave is formed which rumains above the hydro-
foil,

Dispersion; The waves formed by the vertically falling and by the
sliding bodies were not "long waves”; that is, their velooities were depsndemt
upon wave length as well as upon water depth. These waves, once they hed trzvelad
a short distance from the crigin of the disturbance, exhibited charasteristiss of
the Cauchy-Poisson waves, UNCKI, S. and HAKANO, M. (1953)e In ordor to show the
offect of travel distance, the disturbance wes allowed to travel the length of
the wave channel, reflect, and irawel back again. Az oan be seen in Pigure 10a
and Table IV, the initisl disturbsnos dispersed into at lcast twenty-four re-
cognizable waves, the periods of whioch progressively shortensd from s maximm for
the first wvave to & zinizmm for the last wavs.

— —— Tty
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The height of the body used in the dseper wator presluded iis woe in
shallower watsr. In order to study the phencmsna in shallow xatar, & lsad plate
of nearly the same plan dimensions a3 the body used in Runs 4-10 (Serise IT), tut
only 3/16 inch thick was dropped vertioally in water 0.38, 0,24 aud 0.14 foot in
depth. In Figurs 10b ars shown the oxperimantzl aet-up and the swrfssce time
histories at four atationa for an initial sero submargenco in the three dspths of
water. The data from the tessts ars presented in Tzbles V. It can be seen that the
periods of waves r¢ sained constant for the throe water depths at sash station, bub
that they increased with inoreasing diztance from the origin; hencs, appereéntly
dispsrsion was stliil present to some extent. However, the welooity aof weve crest
propagation compared very well with the theorstical velosity as given by the
squeiion for “long waves® ( ./gd, where g is the gravitational ommstant and d is
the water depth)e.

Frem an examinstlon of the surface time histories and the phese velacity of
the initial orests, it is thought that the first wave was ons of ths "iiry" type
and that the follcwing waves were dispersive. This seems to be sspesaially trus °
for the wave formed in the shallowest watar (0.14 foot) as it can bs ssea to be
dsforming with inoreesing distance from the origin. This conforms wiik the pre-
dioction of URSBLL (1953) as the parameter 617.2/2d5) is in the neighborhnad of
thirty and henoe it iz not possible for s solitary wave to exist,

Dimensional Analysiss In many studies of this nsture it iz walumabls to

utilize dimensional analysis to organize the variables into the zmallest posasibie
mmber of significant groups of psrameters. Use of BUCKINGHAM 's(1915) H theorem
is the uzual means of obtalning this end. By use of this theorem, it ix possible
to group variables of m dimensional unita into n-m dimeasicuisss §I termse
Severel different groupings ocan be obtainsd, dspending upon which initizl com-

bination i3 chosen from which to dewelop the [| termse

= s it S5 it =
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The variables in the problem of the vertically falling body are the
water depth, d; wave period, I; weve height, H; body langie, 1; body
height, h; depth of sutmergence, r (az measursd from ths still-water level
to the top of the body; horisontal distance frow the body edgs to the point of
wave meesuroment, x; water dansity, p ; body dansity, Pyps viscosity, M
and gravitational oonstant, g. Iwo sets of dimsnsionless parameters were de~
velopeds (ne set was developed using Py, g and d, and the sscond set was de-
velopsd using Py & and T as the primary variables. The two sets of [| terms

are as follows;

A I=viar B I, =d/er®
[I,=8/ Hz=3/812
=172 Og = t/ef
Iy=1n/ O, =n/c?
n5= z/d g = s/
Mg = x/a g = x/e®
Oy=py /Py K,=n/ Py
Mg=p/pvi V& Og = i/ pp&T

An analysis of this sort is particularly valuable if it is found that
oertain of the parameters are of little importance. For exmmpls, within the
rangs of experimsntal conditions, it is probable thet ths psrameter containing
viscosity can be neglected. Various combinations of the dimensionless para-
metors were plotted to determine whether certain of the other parameters could
bs neglected. It was found that they sculd not. In sdditiom, it is known thet
oertain of the parsmeters are related in such a manner that it is not possibla
in all oazos to hold all but one constant in crder to deternine the individual

offects. For ezample, the paramster H/d deponds upon /g/d T as well as x/d.
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The ;oluid.on is even more zauplicatsd for the case of & body sliding
down an inoline.

Boergy: Another approach, snd ene which proved mcie fruitful, was to
consider the energy of the waves wiich mezre goneratsd as ocmpared with the initial
potential ensrgy (net, sutmerged) of £he bodye The potsntial energy (net, sub-
merged) is the produst rZ the net weight, sulmerged, of the body, and tne water
depth less the hei~ht of the body {08 inch).

kn approximation of the energy oentminad in the waves was obtained, using
the squation for the energy per wave lsagth of a periodic trwlin of waves of
uniform small amplitudes

B = Wit/ = o8t fisx (12)
where g is the gravitational constamt, w iz the unit weight of water, H is the
wave hoight (as measured from trough to erest), L is the wave length, and T is
the wavs period. In ths case of a distarbance of ths sort being studied, this
equation gives only an approximate smewer. As the disturbance wes found to be
& spersive, it was most convenient %o compute the energy from neasurements ocloze
to the origin (Station 1) where the tolal energy was nearly concentrated in one
wave, Thus the enargy of ths wave disturtence was considered to be given bys

E = gr (apE])2 TPf1ew . (1)

The results are shomn in Figgve 11, excepting the few results of very
low onergy {order of magnitude of lses ikan 1075 f£t-1bs), It can be seen that
the energy of the wawvas correlstes reiher woll with the initial potential
snergy (net, sulmergsd) of the body. &E#hin the band of rasults, it osn be
soen that twn general trends oxists 1) for wates of constant depth, che less
the initial sutmsrgense tho grester tim emergy of the waves for & givan initial
potential onergy of ths body; 2) for ocomstent initlal depth of sulmsrgence, the
smaller the water depth the groater the percentage of onergy transformed into wave

energy, In sddltion, it csn bo seem that the amcunt of energy of the wave

[ g g+t anti y S er PN AR Cene o sen v
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disturbanoe is of ths oxder of magnituds of one porcent of the initial pB.-.-
tential energy (nst, submerged) of the vertically falling body.

In general it was found that, within the range of experimental conditions,
dispersive waves wars generated by & body elther falling vertically or sliding
down an inslins, An exveption was ths omse of a flat plate falling in quite
shallow watar (0.1 te 6.2 foot) in whioh an "Airy" type of wave was genarated,
together with dispersive waves forming the tail. Surface time historiss of ths
disturtance measured a short distance from the source showed that a orest always
formed first, followsd By & trough from one to three times ‘he ampliiuds of the
first orest (despending upon the slope of the inolins primarily), followed
by & crest with about the ssme amplitude as the trough. Due to the diapersive
qualities of the waves, sdditional orests and troughs continusd to form with
increasing distance fram the origin, while at the same time the amplitudes of
the initial orests and trough dsoreased.

The magnitudes of the s=plitudes depended primarily upon the sutmerged
weight of the body, tuk also upon the depth of aubmergence, the watsr depth and
other ocharacteristiss of the generation.

The "period® associsted with the gravity waier waves of the distur-
banocs was found to bs indspendent of water depth, initlal depth of sutmergence,
weight of the body, or time of the fall. It was, however, found to be related
to the length of the body, with the period increasing with inoreasing length,
and to the slope of the inoline, with the amaller the incline, the¢ greater
the period.

Oowritatd one of Hha anmreori . Arer

ow o the wa 4 1vhansn canavetad
commres PEOX] et ot L ol

= o —_— = s tee wRall g e =T

Ly the vertiocally falling body indicated that about one percsnt of the initial

potentisl energy (nst, sutmerged) of the body was itranaformed into weve energy.
Within the band of resmlts it wes seen that for water of constant depth, the
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loss the initial depth of auh;nargeme of the body, the greater the
perceniage of ensrgy transforasd into wave energy; and for constant inie
tial:dspth of.mbnorgom‘s, the sanlier the water depth the greater the per-
osatage of onergy transfarmed into wave energy,

When the body was modified by sdding ends to it, an entirely diffsrsnt
type of wave was genersted, It did not sppear to be dizpersive, but rathsr eon-
sisted of s singlo orest followsd by a single trough.

It is intoresting to note that the cwves showing the ocorrslation betwsenr
the langth of the body and the initial poriod of tho waves, whon extrspolsted
oconsiderebly, indicate that an underwatsy disturbanse of ths order of a few thousand
faot in length would gensrats waves with an iritial period of the order of tea
to fifteer minutes. Beosuse of the great length of such = wave, it oculd travel
& conaidersbls distance without being sffacted greztly by its dispersive qmii-
ties, because it would be travsling a short distance as msssured in wave lengths.

In fact, it would Bave the general appeerance of the Tsunmais observec in naturs.
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